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© A process for modifying the surface of a material such as plastics, metals, glasses and ceramics which 
comprises the steps of (1 ) coating a compound having at least one azido group on the surface of the material to 
be modified, (2) making a modifier substance to be fixed for the modification exist on or in the coated surface, 
^ and (3) irradiating ultraviolet rays to the coated surface to fix the modifier substance to the coated surface, 
wherein various compounds can be used as the modifier for converting the characteristics of the material surface 
J£ to the desired characteristics without previously treating them, and various materials can be easily modified with 
a firm fixing of the modifier. 
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The present invention relates to a process for modifying the surfaces of materials. 

In recent years, modification or improvement of the surfaces of materials makes an important 
technology in various fields such as medical care, dyeing and adhesion. Particularly, in the medical field, it 
is difficult to find a material which simultaneously satisfies the dynamical characteristics and the biocom- 
5 patibility of the surface thereof and, therefore, it has been attempted to modify the surface of a device made 
from a material which satisfies required dynamical characteristics, so as to impart a biocompatibility to the 
device surface. 

Representative means for modifying the surface of a material are coating and discharge treatment. 
There is proposed a process wherein an azido group is introduced to a compound having characteris- 

w tics necessary for the modification of the surface of a material, the compound is coated on the material 
surface to be modified and it is fixed to the material surface through covalent bond by a photochemical 
reaction of azido group introduced to the compound. The proposed process utilizing a photochemical 
reaction of azido group has the advantage that the newly formed surface is very stable because the azido 
group-introduced compound is fixed to the material surface through covalent bond. However, the process 

75 has the disadvantages that characteristics desired to modify or improve vary depending on the purposes 
and the like and, therefore, various azido group-containing modifiers must be prepared by introducing azido 
group to every compound which has characteristics necessary for the desired modification, and that the 
process is not applicable to materials with which the nitrene group produced by photochemical reaction of 
azido group cannot form covalent bond. Also, if a compound which has characteristics desired for the 

20 modification of a material surface and to which azido group is introduced, or an aqueous or organic solvent 
solution thereof is not compatible with the material surface to be modified, it does not contact uniformly or 
close with the material surface and, the azido group-containing compound is not fixed well to the material by 
photochemical reaction, resulting in unsatisfactory modification. 

It is. an object of the present invention to provide a process for modifying surfaces of materials, which is 

25 applicable with ease to various compouds having characteristics desired for the modification of material 
surfaces and to various materials to be modified, and which can firmly fix the compounds to the material 
surfaces. 

The above and other objects of the present invention will become apparent from the description 
hereinafter. 

30 It has now been found that the surfaces of materials can be simply, easily and stably modified to have 
the desired characteristics by forming on the material surfaces a layer of a compound having an azido 
group, e.g. a polymer having an azido group, making the substance to be fixed exist on or in the coating 
layer, for example, by means of coating, impregnation or adsorption, and irradiating a light thereto. 

In accordance with the present invention, there is provided a process for modifying the surface of a 

35 material which comprises the steps of 

(1) coating a compound having at least one azido group onto the surface of the material to be modified, 

(2) making a modifier substance to be fixed for the modification exist on or in the coated surface, 

(3) irradiating ultraviolet rays to the coated surface in the step (2), thereby fixing the modifier substance, 
and 

40 (4) removing the modifier substance unfixed in the step (3). 

In the process of the present invention, a coatable compound having an azido group such as an azido- 
containing polymer is previously coated on the material surface to be modified, a modifier substance to be 
fixed for the modification of the material surface is then made to exist on or in the coated surface by a 
suitable means, e.g. coating, impregnation, or adsorption, and the material surface is irradiated with 

45 ultraviolet rays, whereby the modifier substance is fixed by means of covalent bond resulting from 
photochemical reaction of azido group to the material surface through the coating layer. Accordingly, 
various substances can be used as the modifiers without any treatment. Also, since a suitable azido- 
containing compound is selected and used in accordance with the material to be modified or the modifier 
material to be fixed, various materials can be modified and moreover the modifier material can be firmly 

so fixed to the material surface through the azido-containing compound. Further, when ultraviolet rays are 
irradiated imagewise or patternwise or to only the desired portion of the material surface, it is possible to 
modify on the desired portion of the material surface. 

In the present invention, a compound having at least one azido group which is coatable in the form of 
an aqueous or organic solvent solution or dispersion onto the material surface to form a uniform layer, is 

55 firstly coated onto the material surface. The compound having at least one azido group may be a high 
molecular weight compound (polymer) or a low molecular weight compound. In particular, the azido group- 
containing polymer is advantageous for use in the modification of the surface of materials which cannot 
form a covalent bond with nitrene group produced by photochemical reaction of azido group, because the 
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polymer itself can physically firmly adhere to the material surface. 

The modifier substance can be fixed to the material surface through the azido group-containing 
compound so long as at least one azido group is present per molecule of the compound, but the compound 
having two or more azido groups is preferred because it can bond at two or more points with the modifier 

5 substance to be fixed or with both the modifier substance and the material surface, thus the fixing of the 
modifier substance can be more stably achieved. 

Examples of the azido group-containing polymer are, for instance, a homopolymer of an azido group- 
containing vinyl monomer such as azidostyrene or a methacrylate to which azido group is introduced, a 
copolymer of the azido group-containing vinyl monomer with a vinyl monomer containing no azido group 

io such as styrene, styrene sulfonate, methyl methacrylate, acrylamide or dimethylacrylamide, and a polymer 
. to which at least one azido group is introduced after the preparation of the polymer. Copolymers of the 
azido group-containing vinyl monomer with styrene, methyl methacrylate or dimethylacrylamide are pre- 
ferred because the coating can be stably carried out. The polymer to which at least one azido group is 
introduced can be prepared, for instance, by a method wherein an amino group-containing azido compound 

15 is condensed with carboxyl group of a carboxyl group-containing polymer in the presence of a condensing 
agent, a method wherein an azido compound having acid chloride group or aldehyde group is reacted with 
hydroxy I group of a hydroxyl group-containing polymer, a method wherein a carboxyl group-containing 
azido, compound is condensed with amino group of an amino group-containing polymer in the presence of a 
condensing agent, a method wherein an azido compound having N-hydroxysuccinimide ester group or 

20 epoxy group is reacted with an amino group-containing polymer, or a method wherein an amido group- 
containing polymer such as polyacryiamide is treated in a known manner, e.g. Hofmann degradation, to 
convert amido group into amino group, and azido group is introduced utilizing the amino group. 

A higher content of the units of the azido group-containing monomer in the copolymer is preferred from 
the viewpoint of formation of stable bonding with the modifier substance. The content of the azido group- 

25 containing monomer units in the copolymer is at least 1 % by mole, especially at least 10 % by mole. 

The molecular weight of the azido group-containing polymer is not particularly limited. From the 
viewpoint of formation of a stable coating layer, however, it is desirable that the polymer has a number 
average molecular weight of at least 10,000, especially at least 100,000. 

Examples of the low molecular weight compound having at least one azido group are, for instance, a 

30 known bisazido compound as used in a photoresist material, and a compound having a functional group, 
which has an affinity for a special functional group of the material surface, as well as an azido group. The 
azido group-containing low molecular weight compounds used in the present invention are not limited 
thereto. 

The term "low molecular weight" as used herein means that the compounds are not polymeric 
35 compounds (polymers as defined above), and it does not mean that the molecular weight is limited to a 
specific range. 

In case of the low molecular weight compound, it is hard to expect that the compound coated on the 
material surface firmly adheres to the material surface by film formation as achieved in the case of the 
polymer. Accordingly, it is preferable that the low molecular weight compound has at least two azido groups 
40 so that it can combine with both the material surface to be modified and the modifier substance to be fixed. 
Representative examples of the bisazido compound are shown in Table 1. 
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The azido group may be, for instance, carbonylazido group (-C0N 3 ). sulfonylazido group (-SO2N3) and 
55 the aromatic azido group 
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5 The process of the present invention is applicable to various materials for the modification of the 
surface thereof. Examples of the material to be modified, namely the material to be coated with the azido 
group-containing compound, are, for instance, plastics, metals, glass and ceramics. The shape or surface 
condition of the material are not particularly limited. Since the coating can be easily achieved, for instance, 
by spraying or immersion, and can be stably supported on the material surface even if the material has a 

70 complicated shape or a rough surface, the process of the invention is applicable directly to devices molded 
or processed, the surface of which is desired to modify. 

The low molecular weight and high molecular weight compounds having at least one azido group are # 
coated on the material surface in the form of a solution or dispersion in water or an organic solvent, 
preferably a volatile organic solvent, in a usual manner such as casting, spraying, immersion or the like, and 

75 then dried. The solvent is suitably selected according to the kinds , of the material to be coated and the 
azido group-containing compound. 

The thickness of the coating layer is preferably from about 0.1 to about 1 u m for the azido group- 
containing polymer from the viewpoint that a stable coating film can be formed. In case of the low molecular 
weight compound having an azido group, it is preferable that a molecular layer of monomolecule to several 

20 molecules or a layer having a thickness corresponding to such a molecular layer is formed on the material 
surface so that a stable coating layer can be formed and accordingly the modifier substance can be stably 
fixed. 

A modifier substance to be fixed for the modification of the material is made to exist in or on the 
surface coated with the compound having at least one azido group. 

25 The modifier substance usable in the process of the present invention is not particularly restricted so 
long as it is an organic substance, e.g. synthetic polymers and natural high molecular compounds, and has 
a site capable of combining with an azido group by light irradiation. It is desirable that the modifier 
substance is easy to be adsorbed by the surface coated with the azido group-containing compound or is 
easily retained on the coated surface so that the subsequent light irradiation step can be practiced without 

30 difficulty. For instance, as the synthetic polymers used as the modifier substance, there are mentioned non- 
ionic hydrophilic polymers such as polyacrylamide and polyethylene glycol which are preferable when it is 
desired to convert the material surface to an anti-thrombogenic surface, and hydrophobic polymers. The 
natural high molecular compounds used as the modifier substance include, for instance, proteins, enzymes 
and saccharides. 

35 The modifier substance to be fixed can be made to exist in or on the coated surface in various 
manners, for instance, by coating an aqueous or organic solvent solution or dispersion in the same manner 
as in the coating of the azido group-containing compound, or by immersing the material coated with the 
azido group-containing compound in a colloidal solution, suspension or aqueous solution of the modifier 
substance thereby making the coating layer of the azido group-containing compound adsorb the modifier 

40 substance. 

The amount of the modifier substance to be retained in or on the coating layer of the azido group- 
containing compound is not particularly limited. 

The material surface onto which the azido group-containing compound and the modifier substance have 
been applied, is then irradiated with a light such as ultraviolet rays, whereby the fixing of the modifier 
45 substance is completed in a short period of time. As a light source for the irradiation operation, there can be 
used various kinds of mercury light used generally as a source for ultraviolet rays, such as a high pressure 
mercury lamp, a low pressure mercury lamp or an extra-high pressure mercury lamp. 

When the modifier substance has been adsorbed by the coating layer in the manner mentioned above 
using aqueous solution, colloidal solution or suspension, the fixing can be achieved also by irradiating 
so ultraviolet rays from above the solution and the like. This procedure is suitable particularly for the fixing of 
biologically active proteins, enzymes and the like. 

The irradiation conditions of ultraviolet rays are not particularly limited. For instance, ultraviolet rays may 
be irradiated directly from a usual mercury lamp. Since the reaction of nitrene group proceeds promptly, 
irradiation in 5 minutes is usually enough for the fixing treatment. In case of fixing proteins and enzymes, it 
55 is preferable to conduct the irradiation by cutting off the shorter wavelength region below 320 nm using a 
filter, whereby damage of proteins and enzymes by shorter wavelength ultraviolet rays is prevented. 

The irradiation may be conducted imagewise or patternwise or to only a desired portion of the material 
surface using a photomask or photolithography, whereby the modifier substance can be fixed to only the 
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exposed portion of the material surface. 

After the irradiation of ultraviolet rays, the unfixed modifier substance is removed by rinsing the 
irradiated material with a solvent such as water, metanol or other suitable organic solvents which can 
dissolve the modifier substance but does not dissolve the material to be modified. 

5 According to the process of the present invention, the formed layer of the modifier substance can be 
stably retained on the material surface, because when an azido group-containing polymer is used for 
forming the coating layer of azido group-containing compound, there are formed covalent bonds between 
the modifier substance and the coated polymer, and crosslinkages intermolecularly and intramolecularly in 
the coated polymer. Further, when the material to be modified is a plastic material or the like, the modifier 

io layer can be more stably retained on the material surface because covalent bonds are also produced 
between the material surface and the coated polymer. Also in case of using a low molecular weight 
compound having an azido group, the modifier substance is stably retained on the material surface in a like 
manner. 

The present invention is more specifically described and explained by means of the following 
75 Examples, in which all percentages are by weight unless otherwise noted. It is to be understood that the 
present invention is not limited to these Examples. 

In order to illustrate the preparation of. a vinyl monomer containing azido group and a polymer 
containing azido group, the following Reference Examples are also given. 

20 Reference Example 1 



(Synthesis of azidostyrene) 

In a mixture of 10 ml of ethanol and 10 ml of cone, hydrochloric acid was suspended 5 g of 3- 
25 nitrostyrene. To the suspension was added a solution of 22.3 g of SnCZ 2 • 2H 2 0 in 10 ml of ethanol with 
vigorously stirring, and the suspension was allowed to stand at room temperature overnight. 

After neutralizing the suspension with NaOH, the solid matter was filtered off, and the product was 
extracted from the filtrate with an ether. 

The ether layer was dehydrated with MgSCU, and thereto was added cone, hydrochloric acid to give an 
30 intermediate compound of the formula (1): 



CH,=CH 



35 




N + H 3 cr 

In a mixture of 20 ml of water and 2 ml of cone, sulfuric acid was dissolved 2.4 g of the intermediate 
40 compound (1), and a 1N NaN02 aqueous solution was added to the resulting solution with ice cooling. After 
1.5 hours, an aqueous solution of 1.6 g of Nalsh was gradually added to the solution. The solution was then 
stirred at room temperature for 3 hours. The solution was extracted with ethyl acetate, and the ethyl acetate 
layer was washed with a 0.1 N NaHCC>3 aqueous solution and then with water and was dried with MgSO*. 
After distilling away ethyl acetate, the residue was dissolved in a mixed solvent of chloroform and 
45 hexane (1/4 by volume), and was purified by a silica gel column. The solvent was distilled away to give 3- 
azidostyrene. 

(Synthesis of azidostyrene-styrene copolymer) 

50 One mole of 3-azidostyrene and 4 moles of styrene were diluted 4 times with benzene, and 0.01 
equivalent of N,N*-azobisisobutyronitrile (AIBN) as an initiator was added to the monomer solution. After 
degassing and sealing the reactor, the polymerization was carried out at 60 " C for 3 hours. 

After allowing to cool, the reaction mixture was poured into a large quantity of methanol to precipitate 
the produced azidostyrene-styrene copolymer. The copolymer had a number average molecular weight of 

55 100,000. 

Reference Example 2 
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(Synthesis of azidobenzoyloxyethyl methacrylate) 

In 100 ml of N.N'-dimethylformamide (DMF) was dissolved 10 g of p-azidobenzoic acid, and the 
resulting solution was cooled with ice. To the solution were added 8.5 ml of triethylamine and then 8.3 ml 
5 of isobutyl chloroformate. 

A solution of 5.2 ml of hydroxyethyl methacrylate in 300 ml of DMF was then added to the above 
solution, and the reaction was carried out at 60 w C for 5 hours with stirring. 

After distilling away the solvent from the reaction mixture, the residue was extracted with ethyl acetate. 
The ethyl, acetate portion was washed with a 10 % aqueous solution of citric acid, water, a 4 % aqueous 
w solution of NaHCCb and water in that order, and was dried with anhydrous NaSO*. 

After distilling away ethyl acetate, the residue was dissolved in chloroform and was purified by a silica 
gel column. The solvent was distilled away to give azidobenzoyloxyethyl methacrylate. 

(Synthesis of azidobenzoyloxyethyl methacry late-methyl methacrylate copolymer) 

75 . 

One mole of azidobenzoyloxyethyl methacrylate and 4 moles of methyl methacrylate were diluted about 
2 times with DMF, and 0.01 equivalent of AIBN initiator was added to the monomer solution. After 
degassing and sealing the reactor, the polymerization was carried out at 60° C for 3 hours. 

After allowing to cool, the reaction mixture was poured into a large quantity of ethyl ether to precipitate 
20 the produced azidobenzoyloxyethyl methacry late-methyl methacrylate copolymer. The copolymer had a 
number average molecular weight of 150,000. 

Example 1 

25 The azidostyrene-styrene copolymer prepared in Reference Example 1 was dissolved in acetone to 
give a 1 % solution. 

On a polyethylene terephthalate (PET) film having a surface area of about 2 cm 2 was cast 20 u I of the 
copolymer solution, and it was dried to form a film of azidostyrene-styrene copolymer having a thickness of 
1 u m. 

30 The coated PET film was immersed for 1 hour in a 5.0 % solution of albumin in a phosphoric acid 
buffer (pH 7.4) to adsorb albumin. The film was taken out and irradiated with ultraviolet rays for i minute 
using a high pressure mercury lamp. 

The film was thoroughly washed with water and dried, and it was confirmed by electron spectroscopy 
for chemical analysis (ESCA) that albumin was fixed to the coated PET film. 

35 

Example 2 

The fixing of albumin was carried out in the same manner as in Example 2 except that a glass thin plate 
of about 2 cm 2 was used instead of the PET film. 
40 .After thoroughly washing the treated glass plate with water and drying, it was confirmed by ESCA that 
albumin was fixed. 

Example 3 

45 The fixing of fibronectin was carried out in the same manner as in Example I except that a copper thin 
plate of about 2 cm 2 and fibronectin were used instead of the PET film and albumin, respectively. 

After thoroughly washing the treated plate with water and drying, the fixing of fibronectin was confirmed 
by ESCA. 

so Example 4 



The azidobenzoyloxyethyl methacrylate-methyl methacrylate copolymer prepared in Reference Exam- 
ple 2 was dissolved in acetone to give a 1 .0 % solution. 

On a PET film having a surface area of about 2 cm 2 was cast 20 ii I of the copolymer solution, and it 
55 was dried to form a coating film of azidobenzoyloxyethyl methacrylate-methyl methacrylate copolymer 
having a thickness of 1 u m. 

On the coating layer was cast 20 u I of a 1.0 % methanol solution of poly-N.N-dimethylacrylamide 
having a molecular weight of about 100,000. After drying, the thus coated PET film was irradiated for 1 
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minute with ultraviolet rays using a high pressure mercury lamp. 

After washing the irradiated PET film with methanol in a Soxhlet extractor and drying, the fixing of poly- 
N,N-dimethylacrylamide was confirmed by ESCA. 

5 Example 5 

The fixing of polyethylene glycol was carried out in the same manner as in Example 4 except that a 
glass thin plate having a surface area of about 2 cm 2 and polyethylene glycol having a molecular weight of 
about 50,000 were used instead of the PET film and poly-N,N-dimethyiacrylamide, respectively. 
w After washing the treated glass plate with methanol in a Soxhlet extractor and drying, the fixing of 
polyethylene glycol was confirmed by ESCA. 

Example 6 

15 The azidobenzoyloxyethyl methacrylate-methyl methacrylate copolymer prepared in Reference Exam- 
ple 2 was coated on a stainless steel thin plate having a surface area of about 2 cm 2 in the same manner as 
in Example 4. 

Albumin was fixed using the coated stainless steel plate in the same manner as in Example 1. 
After thoroughly washing the thus treated plate with water and drying, the fixing of albumin was 
20 confirmed by ESCA. 

In addition to the ingredients used in the Examples, other ingredients can be used in the Examples as 
set forth in the specification to obtain substantially the same results. 

Claims 

25 

1. A process for modifying the surface of a material which comprises the steps of 

(1) coating a compound having at least one azido group onto the surface of the material to be 
modified, 

(2) making a modifier substance to be fixed for the modification exist on or in the coated surface, 

30 (3) irradiating ultraviolet rays to the coated surface in the step (2), thereby fixing the modifier 

substance, and 

(4) removing the modifier substance unfixed in the step (3). 

2. The process of Claim 1 , wherein said compound having at least one azido group is a homopolymer or 
35 copolymer of a vinyl monomer having an azido group. 

3. The process of Claim 2, wherein said copolymer is a copolymer of at least 1 % by mole of the vinyl 
monomer having an azido group and other vinyl monomer having no azido group. 

40 4. The process of Claim 1, wherein said compound having at least one azido group is a bisazido 
compound. 

5. The process of Claim 1 f wherein the step (2) is carried out by coating a solution or dispersion of said 
modifier material on the surface coated with the compound having at least one azido group. 

45 

6. The process of Claim 1, wherein the step (2) is carried out by immersing the coated material in an 
aqueous solution, colloidal solution or suspension of said modifier substance, and ultraviolet rays are 
irradiated to the coated material from above said aqueous solution, colloidal solution or suspension. 

so 7. The process of Claim 1, wherein said modifier substance is a member selected from the group 
consisting of a hydrophilic polymer; a hydrophobic polymer, a protein, an enzyme and a saccharide. 

8. The process of Claim 1, wherein ultraviolet rays are irradiated to only the desired portion of the coated 
surface. 

55 
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